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IMPROVEMENTS IN EL TYPE PULVERIZERS 



FIELD AND BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates generally to the field of coal pulverizers and, in particular, 
EL type pulverizers. More particularly, the present invention is drawn to several new features 
for EL type pulverizers which, when used either alone or in combination with each other, provide 
for longer wear life and reduced incidences of parts failures. Briefly, and as described in greater 
detail in the following description, the present invention includes: deep-dish contour grinding 
rings, tight tolerance ball tracks, heavy-duty top grinding ring flukes, larger diameter grinding 
balls, and an improved all-metal snubber design for limiting the horizontal movement of the top 
grinding ring. 

BACKGROUND OF THE INVENTION 

Coal pulverizers are used to grind, dry and classify raw chunks of coal into fine solids 
which can be fluidized and fed, for example, to bumers used in conjunction with industrial or 
utility boilers or fiimaces. As is known to those skilled in the art, several different types of coal 
pulverizers, or coal mills, exist today, including one known by the designation "EL". 

EL type pulverizers were first produced in the early 1950's. EL type pulverizers are ball- 
and-ring (or ball-and-race) type pulverizers which employ the ball-bearing principle to grind the 
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coal. This design uses two vertical axis horizontal grinding rings, and a set of balls is placed 
between the grinding rings. The lower or bottom grinding ring rotates through connection to a 
rotating, vertical main shaft, while the upper or top grinding ring remains stationary and is spring 
loaded to create grinding pressure. The coal is ground by contact with the upper and lower 
5 grinding rings and balls (collectively, the grinding elements). The lower and upper grinding 
rings are each provided with a race having a predefined, matching track contour that engages the 
balls. The force from the upper grinding ring pushes the balls against the coal layer on the lower 
grinding ring. The grinding rings and the balls are made of abrasion resistant alloys and 
comprise the major wear parts of the mill. Ground coal is swept from the grinding zone defined 

10 by the grinding rings and the balls by air for final particle size classification and subsequent 
pneumatic transport to one or more coal burners. For further details of such EL type pulverizers, 
the reader is referred to Chapter 12 of Steam/ its generation and use . 40th Edition, Stultz and 
Kitto, Eds., Copyright ©1992, The Babcock & Wilcox Company, the text of which is hereby 
incorporated by reference as though fully set forth herein. 

15 EL mill top grinding rings have historically been loaded, and horizontal/rotational 

movement restricted, by using up to six single coil, dual-purpose springs. In a majority of cases, 
this design has proven to be an adequate means to restrict movement of the top grinding ring to 
allow operation without cyclic fatigue failures. However, when a coal with a high Hardgrove 
Grindability Index (HGI) is encountered, a high tumdown is required from the mill, or when the 

20 mill is operated wdth little or no coal feed, the bed of pulverized coal on the lower grinding ring 
is severely reduced and metal-to-metal contact between the balls and grinding rings occurs. Such 
contact can cause excessive horizontal movement of the balls and top grinding ring due to 
undampened centriftigal forces. This excessive horizontal movement can be eccentric to the 
rotation of the lower grinding ring, resulting in premature wear and possible premature failure 

25 of the grinding rings, balls, springs and gearbox main shaft from cyclic metal fatigue. 

Furthermore, such undampened centriftigal forces have allowed the balls to partially 
leave the grinding track established by the top and bottom grinding ring, since the previous 
design of the top and bottom grinding ring has not provided sufficient dampening forces required 
to counteract the centriftigal forces. This partial escape of the balls from their rotational track 
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has caused severe chipping of material off the top and bottom grinding ring*s outside diameter, 
uneven wear pattems in the grinding rings, and spalling of metal off the ball surface. Any of 
these conditions have caused premature replacement of the grinding wear parts in the mill, along 
with additional intemal components that may have failed indirectly as a result of the undampened 
5 centrifugal forces, such as the dual-pmpose springs, housing units, and the gearbox main shaft. 

Previous attempts to limit top grinding ring movement and subsequent failures of intemal 
components include a device known as a snubber that is secured to an existing top grinding ring. 
Known snubbers are intended only to limit top grinding ring radial movement, and have been 
either bolted or welded to an existing top grinding ring. These snubbers experience failure 

10 because it is not possible to secure the snubber to the hard, high-chrome wear material of the 
grinding ring. Thus, catastrophic failures of grinding wear parts and other intemal components 
will sometimes result from these attachment failures, in turn causing expensive and premature 
mill rebuilds and problems with the availability and reliability of the coal pulverizer. 

Reliable coal pulverizer performance is essential for sustained full load operation of 

15 modem coal-fired electric power generation stations. An effective coal mill must be capable of 
handling a wide variety of coals and accommodating load swings without failure of intemal 
parts. 



SUMMARY OF THE INVENTION 

The present invention is drawn to several new features for EL type pulverizers which, 
20 when used either alone or in combination with each other, provide for longer wear life and 
reduced incidences of parts failures. Briefly, these features include: deep-dish contour grinding 
rings, tight tolerance ball tracks, heavy-duty top grinding ring flukes, larger diameter grinding 
balls, and an improved all-metal snubber design for limiting the horizontal movement of the top 
grinding ring. 

25 The stresses that initiate main shaft failure mechanisms in EL pulverizers primarily come 

from the energy of the several balls which roll along in between the upper and lower grinding 
rings and also rotate about the vertical axis of the main shaft, and the reaction forces of the spring 
loaded top grinding ring to the balls. It has been determined that eccentric loadings on the main 
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shaft caused by the movements of these balls is a primary cause of such main shaft failures. 
Accordingly, the present invention is drawn to several improvements to the grinding rings which 
are intended to keep the balls in a balanced, circular orbit, thus reducing or eliminating eccentric 
loadings on the vertical main shaft. 
5 A newly designed ball track, which effectively dampens the centrifugal forces that allow 

the balls to partially leave their original track, is required to reduce premature failures such as 
material chipping off the grinding ring OD, xmeven wear pattems, and spalling metal off the ball 
surfaces, along with indirect failures of dual-purpose springs, housing units, and the gearbox 
main shaft. In particular, the cross-section of the ball track in both the upper and lower grinding 

10 rings is machined to a radius slightly larger than the nominal radius of the balls. This difference 
in radius of the "tight radius ball track" allows some freedom in the ball orbit around the 
circumference of the ball track, and allows some of the centrifiigal force of the rotating balls to 
translate into ring separation (separation of the balls from one another around the grinding ring) 
and spring compression. However, the radius differential between the radius of the ball track and 

15 the nominal radius of the balls is reduced from that normally provided so that the ball orbit 
around the circimiference of the ball track is more tightly controlled, thereby resulting in less 
force being translated into spring compression. 

A newly designed snubber, which effectively eliminates horizontal and rotational 
movement of the top grinding ring without failure of the attachment device, is needed to 

20 maintain the efficiency of type EL mills. This aspect is accomplished by a system of oscillation 
snubbers which hold the top grinding ring in horizontal alignment within the pulverizer housing, 
while still allowing the vertical motion of the spring loading system which provides the grinding 
forces necessary to grind the coal provided to the pulverizer. 

Accordingly, one object of the present invention is to provide a snubber for the top 

25 grinding ring of a type EL coal pulverizer which substantially reduces, and preferably eliminates, 
horizontal and rotational movement in the top grinding ring. 

Another object of the present invention is to provide a snubber which will increase the 
useable wear life of the top grinding ring and other internal components in a type EL coal 
pulverizer. 
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Yet another object of the present invention is to provide a top and bottom grinding ring 
with an improved tolerance "deep dish" ball track contour sufficient to dampen the centrifugal 
forces that allow the balls to partially leave their original track, thereby reducing damage to, and 
premature failures of, top and bottom grinding rings, balls, springs, housing units and main 
5 shafts. 

^ Yet still another object of the present invention to provide a top grinding ring with "heav^ 

duty" guide vanes (flutes) sufficient to dampen the centrifugal forces that allow the b^Jis to 
partially leave their original track, thereby reducing damage to, and premature failure^^, top and 
bottom grinding rings, balls, springs, housing units and main shafts. 
10 Still another object of the present invention to provide a top anjd^ottom grinding ring 

with an improved tolerance "deep dish" ball track contour which Vkilf increase the useable wear 
life of the top and bottom grinding ring and other components^ a type EL coal pulverizer when 
an all-metal snubber is either not required or desired/^ 

A still further object of the present voNtpkm. to provide a top grinding ring with "heavy 
ni5 duty" guide vanes (flutes) and a top and bptfom grinding ring with an improved tolerance "deep 
ii dish" ball track contour, as mentionpd^ove, for reducing damage to, and premature failures of, 
^ top and bottom grinding ring^<^lls, springs, housing units and main shafts when an all-metal 
3 snubber is either not re3<:m'ed or desired. 

j Yet still aamher object of the present invention to provide a new grinding wear part 

f20 profile whick^U increase the useable wear life by means of larger diameter balls with matching 
grindj^ring profiles in a type EL coal pulverizer, and which can be utilized either with or 

\ amhout the - all - metal snubber montioncd above. ? 

The various features of novelty which characterize the invention are pointed out with 
particularity in the claims annexed to and forming a part of this disclosure. For a better 
25 understanding of the invention, its operating advantages and specific benefits attained by its uses, 
reference is made to the accompanying drawings and descriptive matter in which a preferred 
embodiment of the invention is illustrated. 



BRIEF DESCRIPTION OF THE DRA WINGS 
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In the drawings: 



Fig. 1 is a perspective view of a type EL pulverizer; 

Fig. 2 is a cross-sectional view of type EL pulverizer normal grinding wear parts 

and snubbers; 

5 Fig. 3 is a plan view of a portion of Fig, 2 illustrating normal grinding wear 

parts equipped with previous top grinding ring snubbers; 
Fig. 4 is a cross-sectional view of grinding wear parts equipped with all-metal 

snubbers according to the present invention; 
Fig. 5 is a plan view of a portion of Fig. 4 illustrating grinding wear parts 

10 equipped with all-metal snubbers according to the present invention; and 



Figs. 6A and 6B are cross-sectional views illustrating and comparing standard 
grinding wear parts (Fig. 6A), and grinding wear parts equipped 
with deep-dish contour grinding rings and heavy-duty top 
grinding ring flutes according to the present invention (Fig. 6B). 

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to the drawings generally, wherein like numerals designate the same or 
functionally similar elements throughout the several drawings. Fig. 1 shows a perspective view 
of a type EL pulverizer, generally designated 10, for grinding incoming material such as coal 
Referring to Fig. 1, the grinding or crushing of coal in the type EL pulverizer 10 is 

20 conducted within a pulverizer housing 12. The pulverizer housing contains a plurality of 
pulverizer balls 14, which are resting in a track established between a bottom grinding ring 16 
and a top grinding ring 18. The balls 14, bottom grinding ring 16 and top grinding ring 18 
comprise the grinding wear parts of a type EL pulverizer 10, and require periodic replacement 
due to the abrasive nature of the raw coal. The lower grinding ring 16 rests on top of a pulverizer 

25 yoke 20, which rotates about a vertical axis established by the gearbox main shaft 22 and yoke 
20 of the type EL pulverizer 10. The upper grinding ring 18 is subjected to an external loading 
force required for grinding the coal by dual-purpose springs 24. These dual-purpose springs 24 
are referred to as such because in addition to providing the loading forces required to grind the 
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coal, they also supply the forces required to keep the top grinding ring 1 8 from experiencing 
excessive radial movement, circumferential twisting, and eccentric rotation with respect to the 
lower grinding ring 16, 

Bl^^ The outside diamete r of the upper grinding ring 18 comprises ^^flutcs^^ 26, wliieh provide 
5 primary circulation of partially ground coal in the grinding wear parts, and which also provide 
tracking forces to the pulverizer balls 14 to allow concentric rotation and orbiting of the barfs 14 
in the track of the upper grinding ring 1 8 and lower grinding ring 16. However, when ijladequate 
dual-purpose spring 24 forces exist, or excessive movement of the top grindijfg ring 18 is 
present, or the centrifugal force of the balls 14 is not limited, conditions have4)roven favorable 
10 to cause material to be chipped off the outside diameter (OD) of the tov/md bottom grinding 
rings 18 and 16, spalling of material off the balls' surface 14, uneven wiz^ pattems in the top and 
-;f bottom grinding ring 18 and 16, and indirect failures of the dual-p^ose springs 24, flutes 26, 
£11 and gearbox main shaft 22. X 

I's Figs. 2 & 3 illustrate a prior art snubber design whicfi was used to limit radial movement 

;;il5 of the top grinding ring 18. These known snubbersygenerally referred to as 27, were either 
fij bolted or welded to the top grinding ring 1 8 by me^s of soft steel inserts 36 embedded into the 

a . / 

i hard, wear-resistant parent material of the top mnding ring 18. The prior art design included a 

plurality of snubbers 27, typically four in number, located and equally spaced aroimd the 
circumference of the pulverizer housing 12. Each snubber 27 comprised a snubber bracket 28 

J^20 attached to the pulverizer housing/r2, a snubber block 30, a snubber frame 32 attached to the 
existing top grinding ring 1 8 wjm necessary fasteners, and a snubber shim pack 34 that allowed 
the clearance between the smibber block 30 and snubber bracket 28 to be reduced. 

As will be seen from Figs. 2 and 3, there was no means to provide limits to the 
circumferential rotation of the top grinding ring 1 8 with the previous snubber 27, since they were 
25 oriented and denned to resist forces along a radial line extending outwardly from the center of 
rotation of ^pulverizer main shaft 22 which drives the bottom grinding ring 16. Furthermore, 
as the att^hment of the snubber frame 32 to the top grinding ring 18 proved failure-prone, and 
as Ae radial gap between the snubber block 30 and snubber bracket 28 increased from wear, the 
c ontact force between the top grinding ring 18, snubber framo 32, and snubber braokot 28 - 



/ 
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^^ ^becaiiit; t ; xcessive. Tliis icsulted in pr e matui ' e failui 'e of tli e se a i id ot l ic r i n te r nal pa i ts, rcquirii^ 
expensive and premature mill rebuilds and problems with the availability and reliability 9fthe 
coal pulverizer 10. 

Referring now to Figs. 4 & 5, and according to the present inventi&n, several 
5 improvements will be seen in the design and arrangement of the pulverizer grinding elements 
or wear parts. First, there is provided a new design and configuration of^e bottom grinding 
ring, generally referred to as 50, which is provided with an improved terferance "deep dish" ball 
track contour 5 1 . Next, there is provided a new design and coi^iguration of the top grinding 
ring, generally referred to as 52, having "heavy duty" guide v^es (flutes) 53 and which is also 
10 provided with an improved tolerance "deep dish" ball track^ntour 5 1 . Finally, there is provided 
a new design and configuration of an all-metal snubber, generally referred to as 57, which is 
preferably formed or cast as part of the parent material of the improved top grinding ring casting 
Cil 52 as a contour change on anouter edge thereof; i.e., as an integral part. As illustrated in Fig. 5, 
a plurality of such OD contour change^ 5 inherent to the parent casting are provided; the 
^"IjlS number of snubbers 57 is typically thp^ in number, equally spaced around the circumference of 
£i3 the top grinding ring 52, as OMfosed to the four snubbers 27 of the prior art. If required, 
!i, ^ additional snubbers 57 may ^provided, again equally spaced around the circumference of the 
top grinding ring 52. 

\ iJ 

'■='=J To attach the/fntegral snubber 57 to the pulverizer housing 12, a matching number of 

.3:=. y 

fOSS snubber brackets/54 are provided which attach to the pulverizer housing 12 and which match the 
orientation the integral snubbers 57 formed as contour changes 55 in the improved top 
grinding/ring 52. Snubber wear plates 56 and shim packs 58, adapted to the new design 
configuration of the integral snubber 57, are also provided to provide means for adjusting or 

nminating clearance therebetween as required during field installation.. 

25 The "heavy duty" guide vanes (flutes) 53 of the top grinding ring 52 extend downwardly 

and outwardly at an outer edge 60 of the top grinding ring 52, and to a greater degree than the 
flutes of the prior art. The "heavy duty" flutes 53 are also of substantial circumferential width, 
measured along the outer edge 60 of the top grinding ring 52, such that the total circumferential 
length of all heavy duty flutes 53 exhibit an arcuate length of at least 50% of the total available 
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circumference at the outer edge of the top grinding ring 52, thereby permitting the top grinding 
ring 52 to better withstand the excessive centrifugal forces produced by the pulverizer balls 14. 
More particularly, a preferred embodiment of the top grinding ring 52 having a continuous 
arcuate grinding track formed on a bottom surface of the top grinding ring is designed so that the 
continuous arcuate grinding track has an arcuate length that is at least 29% of the circumference 
of one pulverizer ball of the plurality of balls. Similarly, a preferred embodiment of the bottom 
grinding ring 50 having a continuous arcuate grinding track formed on a top surface of the 
bottom grinding ring is designed so that the continuous arcuate grinding track has an arcuate 
length that is at least 23% of the circumference of one pulverizer ball of the plurality of balls. 
Of course, the particular arcuate length is that which is sufficient to keep the pulverizer balls 14, 
14* contained therein during operation of the pulverizer 10 without experiencing the detrimental 
effects described earlier. In some cases, sufficient spring forces or smaller diameter pulverizer 
balls 14 will permit shorter arcuate lengths, while in other cases longer arcuate lengths will be 
required for satisfactory performance. 

In addition, there is provided an improved circular tolerance of the ball track made up of 
the top grinding ring 52 and bottom grinding ring 50. By increasing the accuracy of this resulting 
ball track, eccentric rotation of the balls 14' in the intended ball track is prohibited. In particular, 
the continuous arcuate grinding track formed on a bottom surface of the top grinding ring, and 
the top surface of the bottom grinding ring, has a diameter which is held to a circular tolerance 
within ±1/16" of its ultimate concentricity. 

To further enhance "capture" and retention of the pulverizer balls 14* during operation 
of the pulverizer 10 within the confines of the ball track established by the top and bottom 
grinding rings, 52, 50, a combined "deep dish" contour 51 of the ball track made up of the top 
grinding ring 52 and bottom grinding ring 50 is provided and preferably sized with an arcuate 
length which is at least 52% of the total available ball 14' circumference. More particularly, the 
continuous arcuate grinding track formed on a bottom surface of the top grinding ring, and the 
top surface of the bottom grinding ring, has an arcuate length which is held to circular tolerance 
within ±1/16" of its ultimate curvature. 
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The contact angle between the snubber bracket 54 and top grinding ring 52 with 
inherent contour changes 55 is oriented between a radial orientation with respect to the top 
grinding ring 52 outer edge 60 and tangential to the top grinding ring 52 outer edge 60. 
Preferably, the angle « is within a range of approximately 15 degrees to approximately 65 
degrees, and preferably 28 degrees. Various factors can affect the particular value selected for 
angle including the particular size of mill, the available clearance between intemal parts and 
the pulverizer housing 12, the physical installation requirements, etc. In a functional sense, the 
value for angle °^ is also dependent upon the degree to which radial or twisting/tangential forces 
will be experienced by the top grinding ring 52; factors such as spring sizes and rates can vary 
the amount of downforce applied to the top grinding ring 52, as well as the degree of resistance 
those springs provide to radial and/or twisting forces. If a greater resistance to radial forces is 
desired, angle might be selected towards the lower end of the range; if a greater resistance to 
tangential or twisting forces is desired, the value for angle ^ may be selected towards the upper 
end of the range. In any event, angle « is selected to provide the greatest amount of wedging 
action between the snubber wear plate 56 and the top grinding ring outer edge 60 and provide 
both radial and circumferential movement restriction of the top grinding ring 52. This reduces 
forces that cause premature failure of the grinding wear parts and other intemal parts. This 
reduction in premature failure provides longer wear life to each of the grinding wear parts and 
other intemal parts, and substantially reduces the maintenance cost and service time required to 
maintain the type EL pulverizer 10 in good working condition, which improves availability and 
reliability of the type EL pulverizer 10. 

As mentioned earlier, improved service and wear life of the type EL pulverizer 10 is also 
provided by utilizing pulverizer balls 14* having a larger diameter than standard. In the prior art 
type EL pulverizer designs, pulverizer balls 14 having a nominal OD of 12-1/4 inches are 
utilized. According to the present invention, larger diameter pulverizer balls 14' having a 
nominal OD of 13-5/8 inches can utilized, taking maximum advantage of the improved "deep 
dish" ball track contour 51. By virtue of this larger OD, the number of pulverizer balls 14' 
employed in the type EL pulverizer 10 may be reduced, for example from 17 to 15 in number. 
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However, it is xinderstood that the 12-1/4 inch diameter balls may also be used with the "deep 
dish" ball track contours 51, 55 and/or the improved snubber design of the present invention. 

Referring to Figs. 6A and 6B, there is shown a comparison of standard grinding wear 
parts versus the improved features of the present invention, which include grinding wear parts 
5 with larger diameter balls 14', bottom grinding ring 50 with improved tolerance "deep dish" ball 
track contour 51, and top grinding ring 52 with improved tolerance "deep dish" ball track contour 
55 and "heavy-duty" flutes 53. These improved life grinding wear parts can also be fitted with 
the new all-metal snubber 57 if so desired or required. 

While specific embodiments of the invention have been shown and described in detail 
10 to illustrate the application of the principles of the invention, it will be understood that the 
invention may be embodied otherwise v^thout departing fi'om such principles. For example, the 
^ =^ present invention may be applied in new construction involving type EL pulverizers, or to the 

Hi 

ill repair, replacement or modification of existing type EL pulverizers. Certain features of the 

ffi invention may be used to advantage without a corresponding use of the other features, such as 

^^^^15 employing the "deep dish" contour with or without the improved snubber design, or with 

Co standard sized pulverizer balls as well as with the larger diameter pulverizer balls. 

£ 



